nonalcoholic fatty liver disease (nAFlD) -a new factor that interplays between inflammation, malnutrition, and atherosclerosis in elderly hemodialysis patients Background/aim: In the past decade, in most regions of the world, an increasing number of adults aged 65 years and older were started on renal replacement therapy each year. In contrast to the general population for whom overnutrition or obesity is associated with increased cardiovascular risk, for patients who are maintained on hemodialysis (HD), malnutrition and malnutrition-inflammation complex syndrome are associated with poor outcome. In recent years, nonalcoholic fatty liver disease (NAFLD) has been considered to be the liver manifestation of metabolic syndrome, and the development of NAFLD is strongly associated with all components of metabolic syndrome (arterial hypertension, dyslipidemia, obesity, and diabetes mellitus type 2) in the general population. The primary end point of this study was to determine the patient's survival in relation to nutritional and inflammatory state and the presence or absence of NAFLD. The secondary end point of this analysis was the association among NAFLD and various clinical and laboratory data, with the nutritional and inflammatory state of our elderly HD patients. Methods: Using a single-center, prospective, cohort study design, we followed the progress of 76 patients who were 65 years and treated with chronic HD for at least 6 months, at the Department of Nephrology, Dialysis and Transplantation. All patients were followed for a minimum of 18 months or until death. Survival was defined as the time from study initiation to death (or end of study, if still alive).
Introduction
The number of elderly patients with chronic kidney disease (CKD) as well as those with end-stage renal disease is on the rise worldwide. When hemodialysis (HD) was initiated worldwide, elderly patients were often excluded. However, this changed dramatically during the last decade. This can be explained by increased longevity, coupled with technical advances and heightened public expectation, all of which has contributed to an unprecedented increase in demand for HD therapies in the older age group. In the past decade, in most regions of the world, an increasing number of adults aged 65 years or over have been started on renal replacement therapy each year. Thus, old age is no longer seen as a contraindication to renal replacement therapy, and HD of elderly patients has become routine. As a consequence of the aging of the HD population, new issues have emerged. 1 With advancing age come challenges to maintaining the nutritional status of these patients. In contrast to the general population, for whom overnutrition or obesity is associated with increased cardiovascular disease (CVD) risk, in patients who are maintained on HD, malnutrition and malnutrition-inflammation complex syndrome are associated with poor outcome. 1, 2 According to many authors, a significant number of HD patients display some degree of malnutrition, and malnutrition has been identified as one of the most powerful predictors of outcome in HD patients. [1] [2] [3] Because elderly patients may have special needs in terms of obtaining and preparing food, as well as different nutrient requirements and dietary intake compared with younger patients, they may be at increased risk for the development of malnutrition. Therefore, malnutrition is more likely to occur in the elderly, and it is possible that modest degrees of malnutrition may have a great impact on morbidity and mortality in this population. It is important to recognize and prevent malnutrition in this potentially fragile population. There are no special requirements for the assessment of nutritional status in the elderly -as with younger patients, a panel of tests should be carried out since no one test can adequately assess all aspects of nutritional status. 2, 3 In recent years, nonalcoholic fatty liver disease (NAFLD) has been considered to be the liver manifestation of metabolic syndrome, and its development is strongly associated with all components of metabolic syndrome (arterial hypertension, dyslipidemia, obesity and diabetes mellitus type 2) in the general population. The term NAFLD is used to cover a spectrum of diseases that are characterized predominantly by macrovesicular steatosis of the liver and occur in people who do not consume large amounts of alcohol. It encompasses a clinicopathologic spectrum of diseases ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), cirrhosis, and hepatocellular carcinoma. The current importance of NAFLD and its link to metabolic syndrome has encouraged an interest in its possible role in the development of atherosclerosis. CVD, followed by liver-related mortality, is the most common cause of death in NAFLD patients. Recent data support the hypothesis that NAFLD itself might contribute to a higher risk of CVD, independent of other prognostic risk factors. [4] [5] [6] [7] [8] Preliminary data suggest an association between CKD and NAFLD. Namely, the prevalence of CKD was significantly higher in patients with NAFLD/ NASH compared with those patients without NAFLD/ NASH. 9 In view of these preliminary observations, we recently investigated the association between NAFLD and decreased kidney function and found a high prevalence of NAFLD in CKD patients. In our study, the severity of liver steatosis was negatively correlated with kidney function. 10 In the next phase of our study we were interested in analyzing whether the presence of transient elastography (TE)-defined NAFLD was associated with higher CVD risk in HD patients. We found that the HD patients with NAFLD showed more carotid atherosclerosis and more adverse CVD events than did the HD patients without NAFLD or the control subjects. 11 Our results were in accordance with recent studies that investigated the association of NAFLD with the risk of CVD. [12] [13] [14] [15] [16] In patients with CKD, the most important factor associated with malnutrition is "inflammation", which is a complex combination of physiologic, immunologic, and metabolic effects occurring in response to a diversity of internal and external stimulants. 2, 3 According to these observations, the aim of the present study was to determine the survival of elderly HD patients in relation to nutritional and inflammatory state and presence or absence of NAFLD. Furthermore, we were interested in the association among NAFLD and various clinical and laboratory data representing nutritional and inflammatory state of our elderly HD patients.
Patients and methods
Using a single-center, prospective, cohort study design, we followed the progress of 82 patients who were 65 years and treated with chronic HD for at least 6 months at the Department of Nephrology Dialysis and Kidney Transplantation at Rijeka University Hospital Center, Rijeka, Croatia. All patients were dialyzed three times a week for 4 hours, using synthetic polysulfone membranes. The mean duration of HD before recruitment was 59.7±49.4 months. The exclusion criteria were: serological evidence of chronic hepatitis B and/ or C virus infection, alcohol abuse, presence of other autoimmune or cholestatic liver disease, use of potentially hepatotoxic medications, or technical reasons (ie, failed TE). In the Data on patient demographic characteristics, medical history, and laboratory data were obtained from the medical record. Comorbid conditions included the presence of diabetes mellitus, dyslipidemia, and arterial hypertension. These data were obtained by using a standard form. Diabetes mellitus was defined by fasting glucose 5.6 mmol/L or drug treatment; dyslipidemia was defined by triglycerides 1.7 mmol/L, by drug treatment, or by high-density lipoprotein (HDL) 1 mmol/L in men and 1.29 mmol/L in women. Blood pressure was measured with a standard mercury sphygmomanometer. The criterion used for defining arterial hypertension was systolic blood pressure (SP) 140 mmHg and diastolic pressure (DP) 90 mmHg, or the routine use of antihypertension therapy. The SP and DP values obtained before starting regular HD treatment were taken into account for this study.
Renal vascular disease was defined as: long-term arterial hypertension, presence of left ventricular hypertrophy and hypertensive retinopathy, presence of proteinuria, and gradual deterioration of kidney function. Data on vascular access were collected at the time of study initiation. Catheters included both tunneled and nontunneled catheters (jugular and femoral). Arteriovenous accesses included native fistulas.
Laboratory data included hemoglobin, albumin, phosphorus, and high-sensitivity C-reactive protein (hs-CRP) levels and were recorded at the time of TE measurements.
Nutritional status was assessed by measuring the fat mass, waist girth, hip and upper arm, serum albumin levels, and body mass index (BMI) and waist-to-hip ratio (WHR). The BMI was calculated as weight (kg) divided by height squared (m 2 ). Fat mass was assessed by skinfold caliper measurement (result is correlated with total body fat). Poor nutritional status was defined as a BMI of 23 kg/m 2 , total body fat 19% in women and 24% in men, and serum albumin levels of 40 g/L. Of 76 enrolled patients, 74 (97.4%) were receiving supportive enteral nutrition. Inflammatory status was defined according to the hs-CRP values. The values between 0-5 mg/L were considered as normal values.
At the beginning of the study, a TE (Fibroscan ® 502 Touch; Echosens SA, Paris, France) was performed in all patients. Liver stiffness was selected as the parameter to quantify liver fibrosis. Furthermore, the controlled attenuation parameter (CAP) was used to detect and quantify liver steatosis, with the help of TE. The cutoff value for defining liver steatosis was CAP 238 dB⋅m -1 , and the cutoff value for defining the presence of fibrosis was liver stiffness of 7 kPa. 17, 18 NAFLD was defined by the presence of steatosis and CAP values 238 dB⋅m -1 , regardless of the presence or absence of any stage of fibrosis and exclusion of other secondary causes of chronic liver disease. CAP values between 238 to 258 dB⋅m -1 were categorized as steatosis grade 1, values between 259 to 292 dB⋅m -1 as steatosis grade 2, and CAP values 292 dB⋅m -1 as steatosis grade 3. Measurements were performed, using the Fibroscan M probe (Echosens SA) (at 3.5 MHz), on the right lobe of the liver trough intercostal spaces, with the patients lying in dorsal decubitus with the right arm in maximal abduction. Ten successful measurements were performed on each patient, and only cases with ten successful acquisitions were taken into account for this study. The success rate was calculated as the number of successful measurements divided by the total number of measurements. Furthermore, the final CAP value, which ranged from 100 to 400 dB⋅m -1 , was the median of individual measurements. The ratio of the interquartile range in CAP values to the median was used as an indicator of variability for the final CAP. 18 All scans were performed by the same investigator.
All patients were followed for a minimum of 18 months or until death. The primary end point of this study was patient survival due to nutritional and inflammatory state and presence or absence of NAFLD. The secondary end point of this analysis was the association among NAFLD and various clinical and laboratory data indicating the nutritional and inflammatory state of our patients.
Survival was defined as the time from study initiation to death (or end of study, if still alive).
Patients were informed of the purpose and method of the research, and the study was done in accordance with the Declaration of Helsinki. All patients gave their informed consent prior to their inclusion in the study.
Statistical analysis of data was performed using descriptive statistics (mean and standard deviation). Categorical variables were tested with chi-square tests. The difference in survival of patients was analyzed with Kaplan-Meier's method of mortality risk. The Pearson or Spearman correlation coefficient was used to express correlations between variables. P-value 0.05 was considered to be statistically significant. Statistical analysis was done using MedCalc Version 10 statistical software package (MedCalc Software BVBA, Ostend, Belgium). and had thus, by definition, NAFLD.
As suggested in the literature, the grades of liver steatosis were defined by CAP values: 13 (29.5%) patients had grade 1, 18 (40.9%) had grade 2, and 13 (29.5%) had grade 3.
First, we were interested in whether NAFLD had influence on the survival of our elderly patients. As shown in Figure 1A , elderly patients who had NAFLD had a 5.2-fold higher risk for death than those patients without NAFLD (hazard ratio [HR] 5.2061; 95% confidence interval [Cl] 2.2481 to 12.0565). Furthermore, we investigated the survival rate according to the degree of NAFLD. For this analysis, the NAFLD patients were stratified into two subgroups. The first group consisted of 13 NAFLD patients with steatosis grade 1 and a second group of 31 NAFLD patients with steatosis grades 2 and 3. Elderly patients who had steatosis grade 2 and 3 had a 19-fold higher risk for death than did those patients with steatosis grade 1 (HR 19.9220; 95% Cl 8.9316 to 44.4362) ( Figure 1B) .
Next, we investigated nutritional status, based on BMI, fat mass, loss of WHR of 10% during the 6-month period, and serum albumin levels and their influence on mortality rate. As shown in Figure 2A , 2B, and 2C, there were no statistically significant differences in survival rate according to BMI, fat mass, and loss of WHR of 10% during the 6-month period. On the other hand, the mortality rate was statistically significantly higher for patients with low serum albumin levels (HR 5.4213; 95% Cl 2.2288 to 13.1870) ( Figure 2D) .
Furthermore, we investigated inflammatory state, based on serum hs-CRP levels. According to our results, patients who had hs-CRP levels 5 mg/L had an 8.4-fold higher risk for death than did those patients who had hs-CRP levels 5 mg/L (HR 8.4682; 95% confidence interval 3.6608 to 19.5887) (Figure 3) .
Next, we investigated the association between NAFLD (defined by CAP values) and various clinical and laboratory parameters of nutritional status and hs-CRP values. The severity of liver steatosis was negatively correlated with serum albumin (r=-0.321; P=0.004) and hemoglobin (r=-0.5900; P0.0001) levels ( Figure 4A and 4B), while it was positively correlated with hs-CRP values (r=0.659; P0.0001) ( Figure 4C ). On the other hand, we did not find any significant association between CAP values and total body fat, BMI, upper arm girth, waist and hip circumference, WHR, cholesterol, or phosphorus.
Analyzing the causes of death in our group of patients, we found that 72.7% of our patients died as a consequence of CVD. Interestingly, almost all of these patients had NAFLD (92.9%). In the multivariable model, low serum albumin levels (P=0.0001), high hs-CRP values (P=0.0002), and presence of NAFLD (P=0.0066) were independent predictors of mortality in our elderly patients. The next most common cause of death was infection-related (27.3% of patients) ( Figure 5 ).
Discussion
To our very best knowledge, this is the first study that has investigated the association among TE-defined NAFLD, nutritional status, and inflammation in elderly HD patients. The main findings of our study were the remarkable correlations between NAFLD and inflammation and consequently, with the nutritional parameter, serum albumin. Interestingly, we have shown that in contrast to the general population, for whom NAFLD is associated with obesity, in the present study, there was no statistically significant association between NAFLD and overnutrition in elderly HD patients. Furthermore, the presence of NAFLD, low serum albumin levels, and high hs-CRP were strong predictors of poor outcome in our elderly HD patients. 
Months of follow-up Months of follow-up Survival probability (%)
Waist to hip ratio (cm) Nonsignificant loss; n=58 Loss >10% after 6 months of follow-up; n=18 In our study, anthropometric measurements, such as BMI, upper arm circumference, WHR, and fat mass assessed by skinfold caliper measurement were not predictors of mortality. And in contrast to the general population, in whom NAFLD is associated with obesity, 6, 7 in our study, there was no significant correlation among NAFLD and the aforementioned anthropometric parameters. These results can be explained by the term "reverse epidemiology" in chronic HD patients. A previous report has indicated that in contrast to the general population, in whom markers of overnutrition are associated with increased risk of CVD, decreased nutritional markers are strongly correlated with increased morbidity and mortality, including high risk of CVD, in HD patients. 3 On the other hand, a strong positive correlation was found between NAFLD and hs-CRP, as was a strong negative correlation between NAFLD and serum albumin levels. It was shown by other studies that low serum albumin levels correlate highly with increased mortality in HD patients. 18, 19 Although serum albumin is by far the most commonly used nutritional marker in HD patients, it is important to note that serum albumin is also a negative acute-phase protein. Therefore, low serum albumin levels not only reflect poor nutritional status, but also, reflect the presence of an inflammatory process. 20 It is well known that the liver is the central organ for the production of the various classical biomarkers of inflammation and endothelial dysfunction, the secretion of which partly depends on factors that are upregulated in the presence of insulin resistance and metabolic syndrome. Today, there is growing evidence suggesting that in patients with NAFLD/ NASH, there is an increased production and release of various proinflammatory cytokines. [8] [9] [10] [11] These include increased reactive oxygen species, tumor necrosis factor (TNF)-alpha, transforming growth factor (TGF)-beta, plasminogen activator inhibitor-1, hs-CRP, and interleukin (IL)-6, etc, produced by hepatocytes and nonparenchymal cells, including Kupffer cells and hepatic stellate cells. So, enhanced oxidative stress, inflammation with release of inflammatory cytokines, and abnormal lipoprotein metabolism could account for the proatherogenic effect of NAFLD. 8, 21, 22 In the present study, the inflammation marker hs-CRP showed a significant positive correlation with the presence of NAFLD (defined by CAP values) in our elderly patients, thus indicating that NAFLD reflects the severity of inflammation. Furthermore, NAFLD showed high negative correlation with hemoglobin levels, probably indicating the chronic inflammatory state in analyzed patients. Interestingly, both, presence of NAFLD and high hs-CRP levels and also low serum albumin levels were strong predictors of poor outcome in our patients. However, of the patients who died in our study, this was mostly due to CVD, and almost all had NAFLD, thus reflecting the possibility that NAFLD contributes to inflammation and endothelial dysfunction as well as accelerated atherosclerosis in these patients. The results of the present study are in accordance with our previous study that investigated the association between NAFLD and increased CVD risk in HD patients. 11 Also, these results are in accordance with previous investigations that investigated the association of NAFLD with the risk of CVD in the general population. [12] [13] [14] [15] [16] On the other hand, it has been shown that HD patients with malnutrition often have signs of inflammation, characterized by an increase in plasma hs-CRP and an imbalance between proinflammatory and anti-inflammatory cytokines. 23, 24 There is a close link between malnutrition, inflammation, and atherosclerosis in patients with CKD. It has been suggested that proinflammatory cytokines represent a common link in malnutrition, inflammation, and atherosclerosis (MIA) syndrome in patients with impaired renal function. [23] [24] [25] Furthermore, it has been suggested that there is at least two types of malnutrition in CKD patients. 23, 24 Type 1 is related to low protein and energy intake. In this type, serum albumin may be normal or only slightly decreased. Type 1 malnutrition can be managed with adequate nutritional and HD support. In contrast, type 2 malnutrition is associated with inflammation and atherosclerotic CVD (MIA syndrome). In this type, serum albumin levels are low and are much more difficult to reverse with nutritional support and HD therapy. Interestingly, in our study, almost all patients were receiving supportive enteral nutrition, indicating type 2 malnutrition in most of our patients. Patients on chronic dialysis have a lot of factors that contribute to chronic inflammatory state. HD patients with CVD have a higher prevalence of malnutrition and hypoalbuminemia and a lower protein intake than do those without CVD. Many authors report a strong relationship between hypoalbuminemia and CVD in HD patients and suggest that hypoalbuminemia is an important risk factor for CVD in these individuals. It is not completely clear how CVD, inflammation, hypoalbuminemia, and other measures of protein-energy malnutrition are interrelated in HD patients. It has been postulated that the common link among these conditions is inflammation. A common mechanism for the development of CVD and protein-energy malnutrition in HD patients may be cytokine activation. 23, 24, 26 According to the results of the present study and our recent analysis regarding NAFLD and increased CVD risk in HD patients, 11 we propose that NAFLD could be a new link between inflammation, malnutrition, and atherosclerosis in MIA syndrome in HD patients. Considering the fact that the main consequence of NAFLD is subchronic liver inflammation that leads and contributes to dyslipidemia, inflammation, enhanced oxidative stress, and endothelial dysfunction, it is possible that NAFLD, even partially contributes to MIA syndrome in elderly HD patients. All of these can consequently result in accelerated atherosclerosis and further cardiovascular damage progression.
Since malnutrition has been demonstrated to impact survival in HD patients of all ages, appropriate attention to nutritional status and its management is essential for elderly HD patients. Prior to embarking on nutritional intervention, it is important to assess the nutritional status in elderly HD patients. There are many tools available to assess nutritional status in HD patients. An ideal and reliable nutritional marker should either predict clinically important outcomes or identify patients who are at high risk for poor outcomes. Therefore, by detecting NAFLD we may be able to detect those elderly patients with type 2 malnutrition who are at high risk of poor outcome and in whom malnutrition is much more difficult to reverse with standard nutritional support and HD therapy.
Our study had some limitations, such as the relatively small number of patients, absence of a liver biopsy in the diagnosis of NAFLD, and the use of TE findings as surrogate for liver biopsy findings -the use of liver biopsy in HD patients is limited due to an increased risk of bleeding in this population of patients. But, on the other hand the study had several strengths, including that it shows, for the first time, that NAFLD probably interplays between inflammation, malnutrition, and atherosclerosis, in elderly HD patients. Put differently, NAFLD could be a new factor that contributes to type 2 malnutrition (associated with MIA syndrome) and that may be amenable to adequate nutritional and HD support. Further, as mentioned, almost all of our patients were receiving the supportive enteral nutrition; therefore, we propose that in this population of patients, some noninvasive methods for detecting NAFLD, including TE (FibroScan) and CAP, could be used as a screening method for detecting high-risk patients, in order to timely act and prevent adverse CVD.
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